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EFFECTS OF NERVE-GROWTH PROMOTING PROTEIN
ON MURINE INTEGUMENT*
WILLIE M. REAMS, Je., Pn.D.
The growth stimulating effects of mouse
sarcoma on the sensory and sympathetic nerve
cells of the chick embryo were investigated
initially by Levi-Montalcini and Hamburger
in 1951 (1). It was found that a diffusible
nerve growth factor (NGF!) was the active
agent in mouse sarcomas 37 and 180 (2—4),
and that a similar agent also was present in
quantity in snake venom (5) and mouse sub-
maxillary salivary glands (6). Cohen (7) pur-
ified the NGF and characterized it as a pro-
tein. The NGF isolated from mouse submaxillary
glands caused hypertrophy and hyperplasia of
the sensory and sympathetic ganglia not only
in the chick, but also in various mammals in-
cluding man (8, 9).
As the cells of both sensory and sympathetic
ganglia arise in the neural crest (10, 11), it
was deemed of interest to test the possible ef-
fects of NGF on other cells which share the
common ancestry of the neural crest. To this
end, the present investigation was undertaken
to study the effects of NGF on integumentary
pigment cells—cells of demonstrated neural
crest origin (11—13).
MATERIALs AND METHOD5
NGF was prepared according to the procedure
of Cohen (7). Essentially, to obtain a sample of
NGF, the submaxillary glands of 80 adult male
mice were dissected free and homogenized. Fol-
lowing preliminary preparation, the crude extract
was subjected to CM- and DEAE-cellulose chro-
matography. The final step was a gradient salt
elution in a CM-cellulose column which yielded
approximately 3 mg of the active protein per 15
ml of a 0.75 M (3.38%) NaC1 eluate.
Mice 1—4 days of age were injected subcutane-
ously each day for 10 consecutive days with 0.1 ml
of the NGF solution. Care was taken that the
needle was inserted through the skin in the
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sacral region just lateral to the mid-dorsal line and
then extended subcutaneously craniad so that the
injection site was 10 mm removed from the point
of needle entry and slightly caudal to the scapula
region. This precaution was essential as Rovee and
Reams (14) have shown local pigmentary effects
at points of integumentary trauma. Twenty-four
hours after the final injection the mice were sacri-
ficed under chloroform anesthesia and the skin
removed from the region of the injection site. The
excised skin was fixed in formol-saline, dehydrated,
and cleared in methyl salicylate. After superficial
examination, the skin samples were shaved and
examined as whole mounts. Finally, the samples
were embedded in paraffin, serially sectioned, and
lightly stained with Delafield's hematoxylin for
histological study. Pbotomierographic records
were made at all stages of the study.
For the sake of comparison, serial sections were
made of skin from equivalent regions of normal
mice. In addition, several control tests were run.
1. To test the effect of needle trauma, 2 mice were
subjected to a series in which only a 27 gauge
syringe needle was inserted. 2. To test the effect
of the hydrostatic extension and possible dis-
ruption of the skin at the injection site, 6 mice
received injections of 0.1 ml of physiological saline.
3. To test the possible effect of the lugh salinity of
the NGF carrier, 9 mice were similarly injected
with 0.75 M (3.38%) NaC1 from a sham elution
which lacked gland extract. 4. To test for the ef-
fects of possible trace materials from the extraction
procedure, 6 mice received NGF solution which
had been boiled to inactivate the protein.
All animals used in this study were black, non-
agouti mice of the PET (Pigmented Extraepi-
dermal Tissues) strain. The PET mice were uti-
lized because of their availability in my laboratory
and because of my familiarity with their pigment
cell biology (15, 16).
REsULTS
This paper is based on 11 mice which re-
ceived active NGF solution. Other NGF
mouse puppies were destroyed by their
mothers during the first few days of treat-
ment. Of the 11 surviving experimentals, 9
showed a definite and consistent response to
the NGF.
By the 7th day of treatment with NGF, a
whitish spot averaging 6 mm in diameter ap-
peared over the injection site. At the con-
clusion of the run following the 10th injection,
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FIG. 1. Normal hair of 15-day PET mouse. X EO
FIG. 2. White and gray hairs from peripheral zoae of NGF injection site of 15-day
PET mouse. X 80
examination of cleared whole mounts of the
skin revealed that the hairs of the spot were
both white and gray but otherwise appeared
of normal length and structure (figs. 1 and 2).
These pigment-deficient hairs surrounded and,
on gross examination, obscured a region of
considerable deviation from the normal. Cen-
tripetal to the zone of normal sized but de-
pigmented hairs was a zone which varied be-
tween short, black curly hairs (Fig. 3) and
small, sparsely scattered hairs (Fig. 4). In-
tegumentary melanocytes were frequently lack-
ing—especially in the region of the curly
hairs. In the center of the spot was a dense
zone of well-formed, black minute hairs.
Histologically, NGF specimens were dis-
tinct in that the injection site was approxi-
mately half the thickness of normal skin of
equivalent age and region (Figs. 5 and 6).
The reduction in thickness apparently was due
to a decrease in the fatty hypodermis. The
white-hair zone was the transition region in
skin thickness. The majority of the hairs of
this zone, save for their pigment deficiency,
were histologically normal. The hair bulbs ex-
tended through the hypodermis to the pan-
niculus earnosus and showed mitotic figures
typical of anagen hairs. Where the skin was
reduced in thickness, the white hairs showed
accommodation. In the thin skin areas where
there was a sparsity of hairs, the resulting
lack of visual obstruction rendered conspicuous
the melanocytes present in the dermis. In con-
trast, a melanocyte was detected only rarely in
regions of curly hairs. The density of the
minute hairs at the center of the spot pro-
hibited adequate probing of the melanocyte
condition.
The curly hairs were in random positions
and a variety of configurations. Their follicles
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Fm. 3. Curly hair zone from 15-day NGF treated mouse. Unstained whole mount. >< 80
Fio. 4. Sparse hair zone from same mount as Figure 3. Note dermal melanocytes. X 80
were generally restricted to the dermis and,
although an oceassional follicle appeared to be
eneysting, the majority of the follicles had
good structural integrity and mitotic figures
in their bulbs. It is curious that even though
their bulbs appeared to be in normal anagen
stages, the hairs were crimpled and the pig-
mentation was irregular.
The histological picture of the dense, minute
hairs in the center of the spot showed the
hairs to be small but normally structured.
Their relatively straight follicles had a typi-
cal slope and directional orientation, and ex-
tended to within a short distance above the
pannieulus earnosus.
A conspicuous histological feature of the re-
active skin was the enlargement of the
sebaeeous glands. This was particularly nota-
ble in regions of sparse hair (Fig. 7). Here the
sebaeeous glands were up to three-times their
normal size and occurred in essentially nor-
mal numbers; many glands appeared inde-
pendent of the hair follicles.
Skin a few millimeters lateral to the in-
jection site did not show any deviation from
normal. Furthermore, the skin of the injection
site of the several controls was essentially nor-
mal. The needle's penetration path through the
subcutaneous connective tissue, and the region
of injection with the resulting disruption of
the subcutaneous tissue, could be identified
in serial sections. However, this disturbance
appeared to have virtually no effect on the
overlying skin and its derivatives.
NERVE GROWTH PROTEIN AND SKIN 555
FIG. 5. Section of normal 15-day mouse skin. X 80
Fie. 6. Section through transition zone of NGF injection site from 15-day mouse. Note
white hairs. X 80
DISCUSSION ganglion cells (10—13). Also, evidence has been
tendered for the neural crest origin of the
Conclusive experimental evidence demon- suprarenal chromaffin cells (11), ganglion
strated the neural crest to be the progenator cells of the enteric plexi (17), and several other
of nielanocytes, and spinal and sympathetic cell types (18). Extensive literature docu-
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FIG. 7. Section through sparse hair zone of 15-day NGF mouse. Note sebaceous glands
here and in Figure 6. Compare with Figure 5. X 80.
ments the role of the local tissue environ-
ment and modifications thereof in directing
the differentiation behavior of neural crest
cells. Levi-Montaleini nnd her co-workers
have emphasized the effects of a nerve-growth
promoting protein (NGF) on the growth of
the sensory and sympathetic ganglia of several
vertebrates including man, and have posed
questions as to the role of NGF in normal
development. They have noted the responsive-
ness to NGF of the chromaffin cells and the
ganglion of Remak (1, 3). However, they found
the immediately adjacent and developmentally
related plexi of Meissner and Auerbach to be
refractory to NGF (2, 3). As a matter of fact,
even the ventro-lateral complement of nerve
cells in the spinal sensory ganglia were re-
fractory to NGF while the dorso-medial cells
were highly responsive (1). Yet, these various
spinal ganglion cells migrate from the neural
crest at the same time and increase in number
by division of the migrants once they con-
dense lateral to the neural tube.
Due to the contrasts in responsiveness to
NGF of closely related nerve cell derivatives
of the neural crest, the inability of NGF to
induce hypertrophy and/or hyperplasia of in-
tegumentary melanoeytes was not surprising.
However, the local depigmentation which oc-
curred in the PET mice treated with NGF was
peculiar. The graying of the hair was quite
similar to that induced in the rat by freezing
(19) or by X-irradiation (20). The process of
NGF induced graying and the developmental
fate of the involved pigment cells is cur-
rently under investigation.
The erratic behavior in hair growth within
the few millimeter bounds of the NGF in-
jection site provokes question. Although crude
extracts of submaxillary glands have been
found to contain a material (since called epi-
dermal growth factor or EGF) which severely
impaired hair growth in mice, the purified
NGF protein does not produce this effect (8).
The EGF also differs from the NGF in that
it is stable to boiling for 30 minutes (22)
whereas the NGF is heat labile (7). As the
NGF material used in the present study was
highly purified, and showed none of the var-
ious side effects attributable to EGF (21), and
as the results of the controls were normal, then
the local hair growth effects noted here ap-
parently were due to a NGF influence.
The various NGF influences on hair growth,
as well as on pigmentation, might well be due
to the local effects of its concentration at the
injection site. Indeed, limited support is given
by a bit of preliminary data from a pilot run
on concentration effects. The target-like zones
could be interpreted on the basis of duration
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of exposure to the NGF from the subcuta-
neous pocket or reservoir. Thus the center of
the injection site would be exposed the longest
as the reservoir size progressively decreased
in the hours following each injection. The
actual mechanism of the observed NGF re-
sponses in the PET mice thus far has eluded
determination.
Although this study was initiated with the
intent of investigating the effects of NGF on
integumentary melanocytes, the effects of the
NGF on the epidermal derivatives of the skin
are particularly intriguing. In the face of
rapidly increasing interest in the relationship
between the epidermis and the connective tis-
sue, it is interesting to consider that NGF is
virtually ubiquitous, at least in trace amounts,
in the tissue of many animals including man
(24), and apparently is a product of the
mesenehymal cells (25). The submaxillary
glands of mice and the venom glands of snakes
merely concentrate the NGF from the blood;
however, mouse sarcomas actually manufacture
NGF (26). Another facet of interest is that
granuloma tissue experimentally produced in
mice and other mammals elicits NGF effects
on ganglia (27). In the light of this present
paper, there can be little doubt that both NGF
and EGF offer new and challenging avenues for
continuing study on the nature and behavior
of skin and its derivatives.
SUMMARY
This paper deals with the effects on pig-
mented mouse skin of a protein isolated from
the submaxillary glands of male mice. This
protein had been characterized previously as
a nerve-growth factor (NGF). When young
black mice were treated with NGF, depig-
mentation occurred in both the growing hair
and skin in several zones. Additionally, modi-
fications of several types were induced in the
hair growth patterns over the injection site.
Sebaceous glands were three-times enlarged in
the region of NGF influence. Although NGF
is noted for its growth effects on sensory and
sympathetic ganglia, its effects on murine in-
tegument are quite definite and consistent,
and pose many questions yet to be answered.
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